Transcranial direct current stimulation (tDCS) has been proposed for experimental and therapeutic modulation of regional brain function. Specifically, anodal tDCS of the dorsolateral prefrontal cortex (DLPFC) together with cathodal tDCS of the supraorbital region have been associated with improvement of cognition and mood, and have been suggested for the treatment of several neurological and psychiatric disorders. Although modeled mathematically, the distribution, direction, and extent of tDCSmediated effects on brain physiology are not well understood. The current study investigates whether tDCS of the human prefrontal cortex modulates resting-state network (RSN) connectivity measured by functional magnetic resonance imaging (fMRI). Thirteen healthy subjects underwent real and sham tDCS in random order on separate days. tDCS was applied for 20 min at 2 mA with the anode positioned over the left DLPFC and the cathode over the right supraorbital region. Patterns of resting-state brain connectivity were assessed before and after tDCS with 3 T fMRI, and changes were analyzed for relevant networks related to the stimulation-electrode localizations. At baseline, four RSNs were detected, corresponding to the default mode network (DMN), the left and right frontal-parietal networks (FPNs) and the self-referential network. After real tDCS and compared with sham tDCS, significant changes of regional brain connectivity were found for the DMN and the FPNs both close to the primary stimulation site and in connected brain regions. These findings show that prefrontal tDCS modulates resting-state functional connectivity in distinct functional networks of the human brain.
Introduction
Transcranial direct current stimulation (tDCS) is a noninvasive stimulation technique of the cerebral cortex by means of a weak constant direct current (DC; usually 1-2 mA) applied to the scalp surface. At the primary motor cortex, anodal tDCS induces excitatory effects, whereas cathodal stimulation results in inhibitory effects on motor cortex excitability (Nitsche and Paulus, 2000; Nitsche et al., 2003) . Based on early experimental work investigating DC effects on neuronal activity in animal models, it has been hypothesized that tDCS-mediated effects are related to a shift in neuronal resting membrane potential either toward depolarization and increased spontaneous neuronal firing (anodal tDCS) or toward hyperpolarization and decreased firing (cathodal tDCS) (Bindman et al., 1964) .
Numerous studies have investigated the effect of prefrontal cortex tDCS in healthy subjects and patients with neurological or psychiatric disorders. Anodal tDCS of the dorsolateral prefrontal cortex (DLPFC) with the cathode placed over the contralateral supraorbital region has been found to improve performance in several cognitive domains, including executive functions, verbal skills, and memory performance in healthy subjects (Iyer et al., 2005; Wassermann and Grafman, 2005; Cerruti and Schlaug, 2009; Sparing et al., 2008; Dockery et al., 2009; Fiori et al., 2011) , as well as in patients with Parkinson's disease and stroke Jo et al., 2009) . Promising pilot data suggest a positive therapeutic effect in patients with major depression Boggio et al., 2008; Rigonatti et al., 2008; Ferrucci et al., 2009) . Moreover, prefrontal tDCS could influence the emotional-affective domain of the self (Boggio et al., 2009; Karim et al., 2010; Mameli et al., 2010) .
Although these studies are encouraging from a clinical point of view, the distribution, direction, and extent of tDCSmediated effects on brain physiology are not well understood. However, specific hypotheses regarding the neurophysiological action of tDCS seem crucial to further tailor tDCS for experimental and therapeutic applications. Neuroimaging studies using positron emission tomography (PET) (Lang et al., 2005) or functional magnetic resonance imaging (fMRI) have shown widespread (Kwon et al., 2008; Stagg et al., 2009) and subtle (Baudewig et al., 2001 ) cortical and subcortical changes in regional brain activity following anodal tDCS of the primary motor cortex.
To further investigate the effects of prefrontal tDCS on functional connectivity, we conducted resting-state fMRI measurements, which were subsequently analyzed using independent component analysis (ICA) . During, the last decade, an emerging number of resting-state fMRI studies have demonstrated the existence of coherent fluctuations in functionally related regions of the brain (Greicius et al., 2003; Damoiseaux et al., 2006; De Luca et al., 2006; Biswal et al., 2010) . We hypothesized that changes of functional connectivity would be detectable in resting-state networks (RSNs) comprising regions within the prefrontal cortex [i.e., the default mode network (DMN), the frontal-parietal network (FPN), and the self-referential network (SRN)], as well as in areas below or close to the stimulation electrodes.
Materials and Methods
Subjects. After giving their written informed consent, 13 healthy male volunteers (mean age: 27.4 years; age range: 23-32 years) participated in this double-blind, placebo-controlled, and randomized study. All subjects were right-handed (Edinburgh Handedness Inventory) (Oldfield, 1971) and went through a semistructured interview to exclude a history of neurological and psychiatric diseases and the intake of medication affecting the CNS. The study was approved by the local ethics committee (Department of Psychiatry and Psychotherapy, Ludwig Maximilians University Munich, Munich, Germany).
Experimental design. The study was conducted in a double-blind and placebo-controlled design to guarantee that neither subjects nor researchers were aware of the stimulation condition. The blinding was reversed after all steps of the procedure were completed. All subjects underwent two tDCS sessions (real and sham tDCS) in random order and counterbalanced across subjects on 2 separate days with a 1 week interval between both stimulations (Fig. 1) . All tDCS-fMRI sessions were scheduled between 4:00 and 8:00 P.M. The first resting-state fMRI scan was conducted before each tDCS procedure (baseline1Ј, baseline2Ј), and another scan was conducted after each tDCS procedure (real tDCS or sham tDCS). The second scan was started immediately after stimulation, and not later than 5 min after stimulation. The time delay between the end of stimulation and the start of the fMRI scan was recorded.
Transcranial direct current stimulation. Bipolar tDCS was administered using two saline-soaked surface sponge electrodes (area ϭ 7 ϫ 5 cm 2 ) and delivered by an Eldith DC stimulator (neuroConn). The anode was placed above F3 (according to the EEG international 10 -20 system) corresponding to the left DLPFC, and the cathode was positioned above the contralateral supraorbital region, at least 5 cm from the anode (Miranda et al., 2006) . DC stimulation was delivered for a duration of 20 min at 2 mA intensity (15 s ramp in and 15 s ramp out).
For sham tDCS, the Eldith DC stimulator has a built-in placebo mode, which is activated by a code number and includes ramp periods at the beginning and the end of sham stimulation to mimic the somatosensory artifact of real tDCS. Thus, placebo tDCS could be identified neither by the operator who administered tDCS nor by the subjects participating in the trial (Gandiga et al., 2006) .
The impedance was controlled by the device throughout each tDCS session, ranging Ͻ10 k⍀ and limited by the voltage at Ͻ26 V. An excess of limits (e.g., an increase of impedance by drying up or chute of the electrodes) would have led to an automatic termination of stimulation.
Functional MRI acquisition. For resting-state data acquisition, subjects were instructed to keep their eyes closed without falling asleep and try to think of nothing in particular. Each subject was scanned using a 3.0 T magnetom (VERIO, Siemens We used the FEAT (FMRI Expert Analysis Tool) analysis tool box, version 5.98 (Smith et al., 2004) for the preprocessing of fMRI restingstate data. Head motion correction was done using MCFLIRT [Motion Correction using the FMRIB (Oxford Centre for Functional MRI of the Brain) Linear Image Registration Tool] (Jenkinson et al., 2002) . The skull was removed using BET (Brain Extraction Tool) (Smith, 2002) followed by spatial smoothing using a 5 mm FWHM Gaussian kernel with highpass temporal filtering (Gaussian-weighted, least-squares, straight-line fitting with ϭ 50 s). Registration to the individual high-resolution T1-weighted images, and afterward to the MNI-152 standard space template, was performed using FLIRT, version 5.5 (Jenkinson et al., 2002) . The preprocessed four-dimensional (4D) datasets were resampled to 2 mm isotropic voxels in the following group analyses.
Independent component analysis. ICA was performed on all restingstate runs using the MELODIC (Multivariate Exploratory Linear Optimized Decomposition) routine, version 3.10, implemented in FSL (Beckmann and Smith, 2004) . Decomposition into different functional networks was performed automatically by a dimensionality estimation of the MELODIC 3.10 tool.
Since spontaneous resting-state connectivity measured by BOLD fMRI may comprise ultraslow frequencies (Greicius et al., 2003; Fox et al., 2005; Damoiseaux et al., 2006; Vincent et al., 2007; Boly et al., 2008; Horovitz et al., 2009; Miller et al., 2009) , only independent components with signals in the range of 0.01-0.1 were included. Higher-frequency signals with respiratory (0.1-0.5 Hz) or cardiovascular (0.6 -1.2 Hz) origin were excluded (Cordes et al., 2000 (Cordes et al., , 2001 van de Ven et al., 2004; De Martino et al., 2007) .
Resting-state datasets of all subjects and experimental conditions (baseline1, baseline2, after real tDCS and after sham tDCS) were concatenated in time to create a single 4D dataset. After ICA decomposition of these datasets, we chose four resting-state networks, which are known to involve brain regions within the prefrontal cortex close to tDCS electrode sites: the DMN, the left FPN, the right FPN and the SRN. An average z-score of 2.3 Ͻ z Ͻ 10 was defined as the threshold for the resulting statistical group maps. The alternative was that the resulting statistical group maps were thresholded at z Ͻ 2.3.
Group-level analyses. A validated dual-regression approach was used ( regression approach summons several processing steps starting with a temporal concatenation of all time series into a single 4D time series file. Another process includes the registration of all individual time series with regard to the estimated group RSNs using spatial regression against the individual datasets. Additionally, the temporal dynamics at the subject level were regressed against the primary data.
In a hypothesis-driven approach, we analyzed (1) the effects restricted to the RSN templates to specifically measure the effects of tDCS on RSN connectivity, and (2) the effects below both stimulation electrodes to measure local effects at primary stimulation sites. The respective masks are shown in Figure 2 . In an additional exploratory approach, the four RSNs were analyzed against fluctuations in the entire brain.
The chosen RSNs were thresholded at p Ͻ 0.01 (z ϭ 2.32). The areas below the tDCS electrodes were defined as regions of interest (ROIs) using EEG positions F3 (anode) and Fp2 (cathode) of the international 10 -20 electrode system. Conversions from these coordinates to MNI coordinates were drawn from the center of the stimulation electrodes (MNI coordinates for F3: x ϭ Ϫ34, y ϭ 26, z ϭ 44; for Fp2: x ϭ 29, y ϭ 84, z ϭ Ϫ10) according to the 10 -20 electrode system on the closest MNI cortical standard space using the Mü nster T2T-Converter (O. Steinsträter, J. Sommer, M. Deppe, S. Knecht, unpublished observations; http://wwwneuro03.uni-muenster.de/ger/t2tconv/) and then converted to a binary form. The electrode ROIs were positioned for each subject separately with a cube width of 35 mm horizontal (anode) or vertical (cathode) using MANGO (Multi-Image Analysis GUI) software (http://ric.uthscsa.edu/mango/mango.html). Areas outside the cortex were rejected individually (Fig. 2 B) .
Masks of the RSNs and the theoretically chosen area below the anode and the cathode electrodes were created for each subject and all four conditions separately. The average MNI coordinates for F3 were comparable to that used by Miranda et al. (2006) , with the difference that we used an electrode size of 35 cm 2 and not 25 cm 2 . The resulting seed time courses for each region and subject were generated by averaging the signal within the ROIs. This was done for each time course and for all conditions. To include only gray matter within the ROIs, we removed possible nuisance confounders: six different motion parameters, white matter, the CSF signals, and the global signal based on the approach of Biswal et al. (2010) . Each subject's maps of the four RSNs were combined to a single 4D dataset for each network, and dual regression was performed for each of the 4 RSNs separately.
The following contrasts were calculated: (real Ͼ baseline1) Ͼ (sham Ͼ baseline2); (real Ͼ baseline1) Ͻ (sham Ͼ baseline2); real Ͼ baseline1; real Ͻ baseline1; sham Ͼ baseline2; sham Ͻ baseline2; and baseline1 Ͼ baseline2. We applied a statistical threshold with family-wise error rate (threshold-free cluster enhancement) corrected for multiple comparisons (Smith and Nichols, 2009) of p values Ͻ0.05 with a cluster extent of Ͼ20 voxels. We report only the contrasts (real Ͼ baseline1) Ͼ (sham Ͼ baseline2), (real Ͼ baseline1) Ͻ (sham Ͼ baseline2), real Ͼ baseline1, real Ͻ baseline1 for the whole-brain analysis approach descriptively (see Table 3 ).
The dual-regression analysis produces z-score maps representing connectivity within the four RSNs. We used Randomize 2.6 (permutation-based nonparametric inference) to determine the voxelwise nonparametric statistical contrasts (with 5000 permutations) (Nichols and Holmes, 2002) between the conditions for the four selected networks. Due to the exploratory character of the second analysis, effects were considered significant at a level of p uncorrected Ͻ 0.001 with a cluster extent of Ͼ20 voxels.
Results
Overall, neither side effects nor any relevant discomfort were observed during the experiment, and tDCS was generally well tolerated. Moreover, subjects were not able to guess whether they had received real or sham tDCS.
Detection of resting-state networks
Four RSNs relevant for higher cognition were identified using group clustering of subjects resting-state fMRI data before stimulation: the first network (RSN1) was consistent with the DMN and comprised the posterior cingulate cortex/precuneus [Brodmann's area (BA) 23/31], the middle/superior temporal gyrus bilaterally (BA 31/39), the superior frontal gyrus bilaterally (BA 8/9), and the ventromedial prefrontal cortex bilaterally (BA 10/ 11). A second network (RSN2) was identified as the left FPN, Figure 2 . Study-specific masks. A, RSN masks were created using the group average ICA of all subjects including all conditions. B, Electrode position masks were defined according to EEG positions F3 (anode) and Fp2 (cathode) of the international 10 -20 electrode system. A representative T1 image projected on the MNI-T1 Colin 1 mm template (Holmes et al., 1998 ) from one of the subjects illustrates the localization of the stimulation electrodes.
consisting of the left middle (BA 8/9/10/46) and the left superior parietal lobule (BA 7/40). A third network (RSN3) comprised the right superior frontal gyrus/middle frontal gyrus (BA 8/9/10/46) and the right inferior parietal lobule (BA 7/40) (right FPN). The fourth network (RSN4) included the anterior cingulate (BA 24/ 32) and the subgenual gyrus (BA 25), and was consistent with the SRN.
Activation patterns of the four different functional networks are shown in Figure 3 .
Effects of tDCS on functional connectivity
Within the ROI templates for different RSNs, neither a significant difference between baseline scans nor any significant effect of sham tDCS compared with baseline was observed. Significant effects were identified for real Ͼ baseline1 and (real Ͼ baseline1) Ͼ (sham Ͼ baseline2) comparisons within RSN1 (DMN), RSN2 (left FPN), and RSN3 (right FPN), whereas no significant differences were found for RSN 4 (SRN). Detailed results are shown in Figure 4 and Table 1 .
When exploring the local effects of tDCS that were dependent on the electrode positions, an increased coactivation outside RSN 1 (DMN), but within the anode ROI, was observed in the left middle frontal gyrus (x ϭ Ϫ20, y ϭ 22, z ϭ 56; BA 6; 32 voxels). Increased coactivations were also observed outside the FPN masks in the left superior frontal gyrus (outside the left FPN mask: x ϭ Ϫ30, y ϭ 52, z ϭ 28; BA 9; 25 voxels) and the left middle frontal gyrus (outside the right FPN mask: x ϭ Ϫ38, y ϭ 48, z ϭ 18; BA 10; 31 voxels).
In addition to the hypothesis-driven ROI analyses, whole-brain dual-regression analysis showed significant effects for the comparison (real Ͼ baseline1) Ͼ (sham Ͼ baseline2) in all four RSNs at an uncorrected p Ͻ 0.001 (cluster size, Ͼ20 voxels). These findings are presented in Table 2 and Figure 5 . The results for the comparison real tDCS Ͼ baseline1 are shown in Table 3 .
Discussion
Combining prefrontal tDCS and restingstate fMRI, this study shows that prefrontal tDCS modulates large-scale patterns of resting-state connectivity in the human brain by inducing changes of functional connectivity close to anode and cathode stimulation sites, but also in distant brain regions. These effects were detectable in three resting-state networks (i.e., the DMN as well as the left and right FPN), involving brain regions of higher cognitive functions (Raichle and Gusnard, 2002; Greicius et al., 2003; Damoiseaux et al., 2006; Laufs, 2008; van den Heuvel et al., 2009 ). Moreover, resting-state fMRI revealed increased coactivations between different frontal brain regions close to or between both tDCS electrodes.
Effects of tDCS on RSNs
Our results suggest that prefrontal tDCS influences coactivation in frontal parts of the DMN, parts of the left frontal-parietal network and the right posterior cingulated cortex (PCC), as well as parts of the right frontal-parietal network. The DMN is thought to reflect an intrinsic state associated with alertness and self-related processes, whereas goal-directed extrinsic cognitive tasks suspend this network Raichle et al., 2001 ). The neuronal basis of the DMN has been established using electrocorticographic recordings (He et al., 2008; Miller et al., 2009) , and highly reproducible multicenter consistency has been shown for the DMN (Biswal et al., 2010) . The DMN has been hypothesized to be involved in cognitive functions associated with intrinsic processing and external inputs (Hampson et al., 2006; Schilbach et al., 2008; Wirth et al., 2011) . Although deactivation of DMN components has been reported, some studies show the opposite-a strengthening of DMN components, accompanied by improved working memory (Hampson et al., 2006) or semantic memory performance (Wirth et al., 2011) .
Analysis of the left FPN revealed increased coactivations between regions within the frontal lobe, the parietal lobule, and the posterior cingulate gyrus. These frontoparietal coactivations may be localized in well known projections between the DLPFC, the cingulate cortex, and the parietal lobe (Hagmann et al., 2008 Therefore, it could be hypothesized that frontal tDCS increases connectivity within these pathways, which are also part of the so-called attention network (Laufs et al., 2003; Greicius and Menon, 2004; Fox et al., 2005; Fransson, 2005; . Functionally, an increased coactivation of frontal and parietal regions has been related to top-down modulation of attention and working memory (Corbetta and Shulman, 2002) . Several studies show an increased activation of left or right frontal-parietal components during cognitive engagement and correct task performance (D'Esposito et al., 1995; Braver et al., 1997; He et al., 2007; Kelly et al., 2008; Volle et al., 2008) . The left frontalparietal network appears to be particularly essential for cognitive functioning as shown by lesion studies (Turken et al., 2008) , and increased connectivity within this network has been demonstrated after cognitive training (Lewis et al., 2009; Mazoyer et al., 2009) .
Since tDCS led to increased coactivation within parts of the DMN and FPN bilaterally, we hypothesize that tDCS may enhance the state of alertness and therefore impact alertness-dependent cognitive functions. So far, there is growing evidence that the integrity and strength of spontaneous functional connectivity in several networks are of behavioral and cognitive relevance (Massimini et al., 2005; Hampson et al., 2006; He et al., 2007; Schacter et al., 2007; Kelly et al., 2008; Schilbach et al., 2008; Lewis et al., 2009; Ferrarelli et al., 2010; Wirth et al., 2011) . Thus, our findings may explain why a wide range of cognitive domains has already been successfully modulated by prefrontal tDCS Sparing et al., 2008; Cerruti and Schlaug, 2009; Dockery et al., 2009; Elmer et al., 2009; Fertonani et al., 2010; Hecht et al., 2010; Ambrus et al., 2011; Fiori et al., 2011) . Within this range of cognitive domains, we have recently shown that prefrontal tDCS using similar stimulation parameters as in the current study, led to an improvement of working memory performance (n-back) associated with changes in EEG activity patterns (Keeser et al., 2011) .
Effects of tDCS in models and imaging studies
To predict the distribution of the electric field induced by tDCS in the brain, various electrode positions have been mathematically modeled (Miranda et al., 2006 (Miranda et al., , 2009 Wagner et al., 2007) . Using a standard spherical head model together with different bipolar electrode montages at 2 mA stimulation intensity (electrode size 25 cm 2 ), cortical current densities of ϳ0.01 mA/cm 2 were calculated (Miranda et al., 2006) . However, Wagner et al. (2007) found current density maxima between 0.77 and 2 mA/cm 2 for different electrode montage using 1 mA tDCS on a realistic MRI-derived finite-element model. Thus, previous models resulted in a considerable range of assumed induced peak current densities and showed a nonfocal electric field close to the electrode positions (Miranda et al., 2006; Wagner et al., 2007) . In addition to analyzing tDCS effects on resting-state networks, we therefore also applied electrode-specific masks and detected stimulation effects localized close to the cathode, but outside the RSNs. However, the functional relevance of these effects within other distinct networks remains to be clarified. The same is true for the multiple effects in more distant regions revealed by an exploratory whole-brain analysis (uncorrected p Ͻ 0.001; cluster size, Ͼ20 voxels). We present also these data for further com- (RSNc 1-3) for the contrasts (after real tDCS Ͼ baseline1) Ͼ (after sham tDCS Ͼ baseline2). Results are cluster corrected for familywise errors (p Ͻ 0.05). Resting-state network contrast (RSNc) 1 corresponds to the contrast in the DMN, RSNc 2 corresponds to the contrast in the left FPN, and RSNc 3 corresponds to the contrast in the right FPN (radiological convention). Numbers correspond to the clusters presented in Table 1 .
parison with the results of future studies, but withhold a detailed discussion as these data may contain a considerable number of false-positive results.
To our knowledge, there has only been one functional neuroimaging study published so far focusing on prefrontal tDCS. Merzagora et al. (2010) used functional near-infrared spectroscopy (fNIRS) for investigating the effects of bilateral prefrontal tDCS (1 mA for 10 ms; anode, lateral to Fp1; cathode, lateral to Fp2). They observed a local increase of the concentration of oxyhemoglobin, relatively focal and close to the anode. Our results corroborate and extend this finding by demonstrating tDCSspecific effects on different RSNs, where fNIRS is methodologically limited. However, the majority of previous combined tDCS and functional neuroimaging studies have focused on motor cortex stimulation, also including motor activation paradigms. Most studies found fMRI signal changes close to the stimulation site and in distant regions (Kwon et al., 2008; Jang et al., 2009; Stagg et al., 2009 ). Lang et al. (2005) used H 2 15 O PET and observed an increased regional cerebral blood flow (rCBF) in widespread cortical and subcortical areas that reached the magnitude of effects of finger movement on rCBF in motor areas and were stable for ϳ50 min. To further elucidate the network-specific effects of motor cortex tDCS, Polanía et al. (2011) used resting-state fMRI combined with a graph theory approach instead of ICA. They found a decrease in the average number of direct functional connections from the left somatomotor cortex (SM) to topologically distant gray matter regions accompanied by an increase in functional connectivity between SM and the left premotor, motor, and left parietal cortex. In addition, nodal functional connectivity increased in the left PCC and the right DLPFC. Thus, these results suggest a network-specific enhancement of connectivity following motor cortex tDCS and parallel our findings for prefrontal tDCS. Future studies are needed to differentiate these effects in terms of their functional relevance.
Limitations
One limiting factor of the current study is that small sample size may have reduced statistical power. Another factor limiting the interpretation of our findings is the principle difficulty in separating the effects of anodal versus cathodal stimulation for tDCS. Even in experimental designs where different electrode positions are compared, each combination of anode-cathode positions can be regarded as a different bipolar tDCS modality. Also, physical models show that the electric field generated by tDCS is probably distributed throughout the brain (Wagner et al., 2007; Oostendorp et al., 2008; Miranda et al., 2009; Sadleir et al., 2010; Suh et al., 2010) . Thus, our findings may just be valid for the specific set of parameters and electrode positions applied in the current study.
A third limitation of our study may be that we did not include a behavioral task to probe the functional relevance of our findings. Further studies are necessary to clarify this issue, and thus the relation between RSN connectivity and cognitive functions discussed above may be regarded as speculative.
Conclusion
In conclusion, our results support the hypothesis that prefrontal tDCS alters the level of neural excitability. We propose that the findings of an augmented connectivity within different RSNs after prefrontal tDCS reflect increased resources and a higher readiness to facilitate cognitive performance. Indeed, there is an increasing body of evidence that prefrontal tDCS acts on different cognitive domains and is clinically effective in several neuropsychiatric disorders. Therefore, resting-state fMRI could become a valuable tool to explore the effects of tDCS on these disorders and may help to tailor the tDCS procedure to individual needs. However, additional studies are necessary to replicate our findings and further specify their relationship to short-and long-term neurocognitive functioning in healthy and patient groups. Results are cluster corrected for familywise errors (p Ͻ 0.05) with a cluster size of Ͼ20 voxels. Significant clusters are shown for the contrast (real tDCS Ͼ baseline1) Ͼ (sham Ͼ baseline 2) and real tDCS Ͼ baseline1 for each of the four networks. Resting-state network contrast (RSNc) 1 corresponds to the contrast of the DMN, RSNc 2 corresponds to the contrast of the left FPN, and RSNc 3 corresponds to the contrast on the right FPN. Results are cluster corrected for familywise errors (p Ͻ 0.05) with a cluster size of Ͼ20 voxels. Numbers correspond to clusters shown in Figure 4 . Resting-state network contrast (RSNc) 1 corresponds to the contrast on the DMN, RSNc 2 to the contrast on the left FPN and RSNc 3 to the contrast on the right FPN, RSNc 4 corresponds to the contrast of the self referential network. Results are based on a whole brain dual regression approach and presented uncorrected with a p Ͻ 0.001 (cluster size Ͼ20 voxels). Numbers correspond to clusters in Figure 5 . x ϭ Clusters are not shown in Figure 5 . Table 2 . Red color scales represent functional correlation for the contrast (after real tDCS Ͼ baseline1) Ͼ (after sham tDCS Ͼ baseline2), and blue color represents functional correlation for the contrast after real tDCS Ͼ baseline1 Ͻ (after sham tDCS Ͼ baseline2). Radiological convention: p Ͻ 0.001 (uncorrected); cluster size, Ͼ20 voxels. Resting-state network contrast (RSNc) 1 corresponds to the contrast on the DMN, RSNc 2 to the contrast on the left FPN, RSNc 3 to the contrast on the right FPN, and RSNc 4 corresponds to the contrast of the self-referential network. Results are based on a whole-brain dual-regression approach and presented uncorrected with a p Ͻ 0.001 (cluster size, Ͼ20 voxels).
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